Abstract-RAB-GDP dissociation inhibitor 1 (GDI1) loss-offunction mutations are responsible for a form of nonspecific X-linked Intellectual Disability (XLID) where the only clinical feature is cognitive impairment. GDI1 patients are impaired in specific aspects of executive functions and conditioned response, which are controlled by fronto-striatal circuitries. Previous molecular and behavioral characterization of the Gdi1-null mouse revealed alterations in the total number/distribution of hippocampal and cortical synaptic vesicles as well as hippocampal short-term synaptic plasticity, and memory deficits. In this study, we employed cognitive protocols with high translational validity to human condition that target the functionality of cortico-striatal circuitry such as attention and stimulus selection ability with progressive degree of complexity. We previously showed that Gdi1-null mice are impaired in some hippocampusdependent forms of associative learning assessed by aversive procedures. Here, using appetitive-conditioning procedures we further investigated associative learning deficits sustained by the fronto-striatal system. We report that Gdi1-null mice are impaired in attention and associative learning processes, which are a key part of the cognitive impairment observed in XLID patients. Ó 2016 Published by Elsevier Ltd on behalf of IBRO.
INTRODUCTION

22
Intellectual Disability (ID) accounts for 1-2% of the human 23 population (Lubs et al., 2012; Srivastava and Schwartz, 24 2014). In some cases, the ID phenotype could be part (Schalock et al., 2011) . Specific aspects of executive 37 functions and conditioned response, which are controlled 38 by fronto-striatal circuitries, consistently reported to be 39 altered in ID patients (Baker et al., 2011; Bexkens et al., 40 2014a Bexkens et al., 40 , 2014b . Recent work on cognitive impairment in 41 animal models of XLID genes have reported memory def-One of the first X-linked identified genes as to cause 48 human XLID was the guanine nucleotide dissociation Thus, we asked whether Gdi1-null mice might reveal 74 deficits due to a reduced inhibitory action of the frontal 75 cortex (FC) on the basal ganglia leading to a lack of 76 selective attention (Pezze et al., 2009; Kahn et al., 77 2012). In the present study, inhibitory processes and 78 attention were systematically evaluated in the Gdi1-null 79 mouse using a battery of newly developed set of beha-80 vioral procedures able to define the prominence of 81 fronto-striatal functional deficits, similar to those reported 82 in ID patients (Curie et al., 2016) . Moreover, we used 
118
Before the start of an experiment mice were exposed to 119 the food pellets (in their home-cage) and were (A) Schematic representation of the protocol used. In trial type 1, a CS A is paired with food (CS+; red box) whereas in trial type 2, a CS B is not paired with food presentation (CSÀ; light blue box). Empty orange boxes following the CSs are the 5 s trace period. This experiment lasted 6 days. (B) Responses per minute for CSs obtained by subtracting the scores for CS A+ or CS BÀ from pre-CS (solid lines and dotted lines, respectively). C) Responses per minute for trace+ or traceÀ obtained by subtracting the score for the trace period from pre-CS. (D) Schematic representation of the protocol used in peak procedure. In trial type 1, a CS A is paired with food after the trace (empty orange box) whereas in trial type 2, the CS A is not paired with food presentation after a longer trace period (15 s). E) Responses relative to trace period (15 s) obtained by the peak procedure on all trials pooled together and averaged in blocks of 3 s each. Black arrow indicates the correct mean peak value around 5 s. Values represent the mean ± SEM. +(which was never pre-exposed).
254
The CS presentation was of 20 s in duration. Trace (Gallistel and Balsam, 2014 ).
538
After 6 days of acquisition, we switched to a trace-539 peak procedure (Fig. 2D) 
Gdi1-null mouse does not show latent inhibition (LI)
555
To further evaluate fronto-striatal function we then 556 investigated with LI which is a reliable paradigm that 557 reflects attentional processes (Lazar et al., 2012; Lubow 558 et al., 2014) .
559
A within-subject design was employed and the a priori 560 prediction was that conditioning to the pre-exposed 561 stimulus (CS AÀ) would proceed more slowly than to a 562 novel stimulus (Fig. 3A, C) . Thus, we switched to the acquisition phase (Fig. 3C) Fig. 4A-C) , CI ensued to a greater extent in Gdi1 WT, 621 as seen in the second part of the test (Fig. 4D-G we measured the ability of these mice to release 635 dopamine in the amygdala (Galtress et al., 2012) . Conversely, paired-pulse ratios did not change at any of 686 the different inter-stimulus intervals tested (Fig. 6C) , Right panel: color-coded maps of normalized perfusion difference between Gdi1-null (n = 11) and Gdi1-WT mice (n = 7) at rest under etomidate anesthesia. Normalized perfusion was taken as a proxy for neural activity. Visually most prominent is an elevated activity in the infralimbic and prelimbic cortex of Gdi1-null mice. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
suggesting that the SV release probability was unaltered. in ID patients (Fernandez-Jaen, 2006; Aureli et al., 710 2010; Verhoeven et al., 2012) . Meck et al., 2013; Merchant et al., 2013) . The CS-onset old, the probability for triggering the action increases 737 (Buhusi and Meck, 2005 worse than Gdi1 WT in harder or longer tasks only. In (Parker et al., 2011; Ward et al., 2012) . synapses (probably by a LTP mechanism), thus providing 778 a memory of the interval duration (Meck et al., 2008) .
779
Since PFC lesions produce distortions in timing 780 (Olton, 1989; Picton et al., 2006) and modulate the effect 781 of drugs that target striatal D2 receptors (Meck, 2006) (Rhodes and Killcross, 2007; Green et al., 2011) and 815 linked to the dopaminergic system as key substrate 816 (Tobler et al., 2003; Bay-Richter et al., 2013 (Wassum et al., 2011; Kodama et al., 2014 
